The workability, 28-day compressive strength and free drying shrinkage of a very high strength (121-142 MPa) steel micro fiber reinforced portland cement mortar were studied under a combined influence of fine aggregate content and fiber content. The test results showed that an increase in the fine aggregate content resulted in decreases in the workability, 28-day compressive strength and drying shrinkage of mortar at a fixed fiber content. An increase in the fiber content resulted in decreases in the workability and drying shrinkage of mortar, but an increase in the 28-day compressive strength of mortar at a fixed fine aggregate content. The modified Gardner model most accurately predicted the drying shrinkage development of the high strength mortars, followed by the Ross model and the ACI 209R-92 model. The Gardner model gave the least accurate prediction for it was developed based on a database of normal strength concrete. 
INTRODUCTION
Steel fiber reinforced high strength portland cement mortar has been used to develop ultrahigh performance concrete in the previous literature (1) (2) (3) (4) (5) (6) (7) . High strength portland cement mortar with good workability, high compressive and tensile strength, and durability can be produced using low water-cementitious materials ratio, high quality fine aggregate/sand, steel reinforcing fiber and high range water reducing admixtures (HRWRA). As it is known, cementitious mixtures have the tendency to shrink (8) (9) (10) (11) . For structural concrete members restrained by adjacent members, cracks may occur due to excessive shrinkage (8) (9) (10) (11) . One type of the shrinkage of concrete is drying shrinkage which is caused by the loss of water into the environment from the hardened concrete (8) .
Cement paste is the main factor influencing the drying shrinkage of concrete. The aggregate and the reinforcing fiber present in the concrete affect the drying shrinkage behavior of concrete by influencing the paste in the concrete. Some of the previous studies showed that the increase in the aggregate content reduced the drying shrinkage of concrete, which was attributed to the reduced volume of paste in the concrete and restrained paste shrinkage by the stiff aggregate particles (8, (12) (13) (14) (15) (16) . Besides the reduced drying shrinkage, the increase in the sand content resulted in a decrease in the workability of mortar due to the large surface area of the sand particles (17, 18) , and a decrease in the compressive strength of mortar due to the increased amount of the interfacial transition zone (19) . It was reported in the literature that the proper use of reinforcing fiber in mortar not only restrained the crack propagation in the hardened mortar and improved the tensile strength of mortar, but also restrained the shrinkage of paste (8, 10, (20) (21) (22) . However, as the reinforcing fiber content increased, a decrease in the workability of mortar was observed, and was attributed to the internal resistance and friction by the interaction of fibers (23) . An increase or a decrease in the compressive strength of mortar was reported in the different literature (23) (24) (25) .
Ultra-high performance concrete has been found to have higher drying shrinkage than normal strength concrete (4, 5) . A study on the influence of the component materials on the drying shrinkage behavior of high strength mortar is helpful to develop methods of reducing the drying shrinkage of the ultra-high performance concrete. The previous literature was mostly focused on the effects of either the sand content or the reinforcing fiber content on the drying shrinkage of normal strength mortar/concrete (8, 10, (20) (21) (22) . A study on the combined effect of the sand content and the reinforcing fiber content on the drying shrinkage behavior of fiber reinforced high strength cement mortar is desired. Models for predicting the drying shrinkage development of high strength mortar is also of interest as the previous literature on drying shrinkage prediction was mostly focused on the normal strength mortar/concrete.
The present study was conducted to investigate the combined effect of the sand content and the steel micro fiber (SMF) content on the workability, 28-day compressive strength and free drying shrinkage development (up to 147 days) of high strength cement mortar. Prediction models for the free drying shrinkage development of high strength mortar were developed and compared with several frequently used models including the Ross model, the Gardner model, and the ACI 209R model (26) (27) (28) (29) .
EXPERIMENTAL PROGRAM

Materials
A Type III portland cement meeting ASTM C150 specification was used for the experimental study (30) . The main chemical compositions of the cement are listed as follows: CaO 64.4%, SiO 2 20.4%, Al 2 O 3 6%, Fe 2 O 3 3.5%, and SO 3 3.5%. The specific gravity and Blaine's surface area of the cement were 3.15 and 540 m 2 /kg, respectively. The fine aggregate was semi-round natural siliceous sand meeting the gradation specification in ASTM C33 for fine aggregates (31) . The gradation is shown in Table 1 . The specific gravity, water absorption, and fineness modulus of the sand were 2.63, 0.3%, and 2.65, respectively.
The steel micro fibers used were approximately 13 mm in length and 0.2 mm in diameter. Their specific gravity and ultimate tensile strength were 7.8 and 2000 MPa (290 000 psi), respectively. A powder form of polycarboxylate ether-based high-range water-reducing admixture was used to improve the workability of mortar.
Mixture proportions
In total, thirteen mortar mixtures were investigated to study the combined influence of sand content and SMF content on the properties of high strength mortar. The sand content was expressed as a mass ratio of sand to cement (s/c). The sand content was investigated at levels of 0, 0.5, 1.25 and 1.6. The SMF content was expressed as a volume ratio of SMF to the total mortar mixture (V SMF /V T ). The SMF content was investigated at levels of 0.00, 0.01, 0.02 and 0.03. For the entire investigation, the water-to-cement ratio (w/c) by mass was fixed at 0.2, and the HRWRA-to-cement ratio by mass was fixed at 0.01. The relative mixture proportions of the thirteen mortar mixtures are shown in Table 2 . The first mortar M00 was the control which did not contain either sand or SMF. It was basically a portland cement paste. The next 3 mortar mixtures M01, M02, and M03 were non-fiber reinforced mortars with a sand content at s/c=0.5, 1.25 and 1.6, respectively. The last 9 mortar mixtures were fiber reinforced mortars prepared by adding SMF into the mortars M01, M02, and M03 at the levels of 0.01, 0.02 and 0.03 by volume of the total mortar.
The quantities of materials used for 1 m 3 of mortar are presented in Table 3 .
Specimens preparation
The fresh mortars were prepared by a 0.02 m 3 UNIVEX M20 planetary mixer. The mixing procedure was divided into four stages. First, cement, sand, and HRWRA were dry mixed for about 2 min at low speed (100 RPM). Second, the mixing water was added to the dry mixture. The mixing continued at low speed until the dry mixture started to behave as a fluid. The second stage took 2 to 5 min depending on the sand content and the SMF content. Third, as soon as the mortar reached fluid state, the mixing speed was increased to a medium speed (300 RPM), and the mixing continued for another 3 min. Fourth, the SMF was added, and the mixing continued for another 3 min at the medium speed (300 RPM). The entire mixing procedure took about 10 to 13 min. The workability of mortar was measured immediately after the mixing.
The fresh mortars exhibiting self-consolidating consistency were cast into molds without vibration, while the fresh mortars exhibiting very low workability were cast into molds with external vibration for 15 seconds on a vibrating table. After casting, the specimens were kept in a moist room maintained at 100% relative humidity and 23 o C in accordance with the ASTM C511 (32) . For the study of compressive strength of mortar, the specimens were demolded at 24 hours after casting, and stored in the moist room until the age of 28 days. For the study of free drying shrinkage of mortar, the specimens were de-molded at 48 hours after casting. The reason for demolding at 48 hours after casting was that the present study was a part of a broad research on the properties of mortar under the influence of various sand contents, SMF contents, different pozzolans, and different chemical admixtures. When a fly ash or a liquid form shrinkage reducing admixture was used, the compressive strength of mortar at 24 hours after casting was very low (i.e. 6 MPa), even at a water-to-cementitious materials ratio of 0.2. Those specimens had to be demolded at the age of 48 hours. To keep the test procedure consistent in the broad research, all of the specimens for the drying shrinkage test including the specimens presented in this study were demolded at the age of 48 hours. After demolding, the drying shrinkage specimens were cured in a lime-saturated water bath as per ASTM C596 (33) . At the age of 72 hours after casting, the specimens were taken out of the lime-saturated water bath and their length readings were taken (readings at zero time of measurement). Afterward, the specimens were stored in an environment chamber which was maintained at 23±2 o C and 50±4% relative humidity in accordance with ASTM C157 (34).
Test methods
Workability
As some of the mortar mixtures exhibited very high workability, the workability of the thirteen mortar mixtures was determined by following a modified test procedure from the one described in the ASTM C1437 (35) . In this modified method, the fresh mortar was filled into the flow mold with dimensions described in the ASTM C230 (36) . After the flow mold was removed, the fresh mortar was allowed to spread freely on a level plastic plate, instead of being dropped for 25 times. When the mixture stopped spreading (about 5 min after the removal of the flow mold) the diameter of the circular mortar spread was measured for calculating the flow value as described in the ASTM C1437 (35) .
Compressive strength
The compressive strength of each of the mortar mixtures was determined by testing three 50×50×50 mm cubes at the ages of 28 days in accordance with the ASTM C109 (37).
Free drying shrinkage
Three specimens with dimensions of 25×25×285 mm were prepared for each of the mortar mixtures. The length comparator readings of each specimen stored in the environmental chamber were taken following the procedures described in the ASTM C596 at the periods of exposure of 0, 1, 4, 11, 18, 25, 56, 87, 117 and 147 days (33) . The drying shrinkage value of each mortar mixture at each period of exposure was the average drying shrinkage value of the three specimens.
RESULTS AND DISCUSSIONS
Material properties of mortars
The mortars M11, M21 and M31 visually exhibited severe segregation of SMF, as the cement mortar spread into a circular shape quickly, while the SMF clumped at the center part of this circular shape during the workability test. The rest of the mortar mixtures did not visually show segregation of SMF as the mixtures spread into a circular shape with SMF evenly distributed. It was observed that with a SMF content up to V SMF /V T = 0.03, a minimum sand content at s/cm = 1.25 was required to prevent severe segregation of SMF. It is considered that the sand particles behaved as supports for SMF in the fresh mortar. At a sand content of s/c = 0.5, segregation of SMF occurred as there were not enough sand particles to support the SMF. The properties of the mortars M11, M21 and M31 are not presented here due to the severe segregation of SMF.
The workability (flow), 28-day compressive strength (CS-28), coefficient of variation of the 28-day compressive strength (COV-28), and drying shrinkage at the period of exposure of 147 days (DS-147) of the rest ten mortar mixtures are presented in Table 4 . The sand content by mass of cement (s/c), sand content by volume of total mortar (Vs/V T ) and SMF content by volume of total mortar (V SMF /V T ) in each mortar mixture are presented in Table 4 as well. The volume fraction of HRWRA in mortar is ignored, as the value is very small.
As shown in Table 4 , the flow of mortar decreased with the increase in the sand content at a fixed SMF content. For instance, at V SMF /V T = 0, the flow of the mortars M01, M02, and M03 was 7%, 25% and 43% lower than that of the control mortar M00, respectively. This was attributed to the large surface area of the sand particles which reduced the amount of paste lubricating the sand particles (17, 18) . The flow of mortar also decreased with the increase in the SMF content at a fixed sand content. For instance, at s/c=1.25, the flow of the mortars M12, M22 and M32 was 11%, 18% and 44% lower than that of the mortar M02, respectively. Likely, the internal resistance and friction resulted from the interaction of fibers were the reasons of the decreased workability as the SMF content increased (23) . The mortar mixtures M23 and M33 presented very low workability. They were cast into molds with external vibration for 15 seconds to prepare the specimens for the tests of compressive strength and free drying shrinkage of the mortar mixtures. The other eight mortar mixtures which did not exhibit severe segregation of SMF were cast into molds without external vibration. The average 28-day compressive strength of mortar decreased with the increase in the sand content at a fixed SMF content, except when V SMF /V T was 0.03. When V SMF /V T was 0, a calculation revealed that the 28-day compressive strength of the mortars M01, M02, and M03 was 5%, 8%, and 10% lower than that of the control mortar M00, respectively. This was attributed to the increased amount of the interfacial transition zone in the mortar as the sand content increased (19) . However, when V SMF /V T was 0.03, the increase in the sand content actually resulted in a slight increase in the compressive strength. This was attributed to either the large variance of the measured 28-day compressive strength of the mortars M32 and M33, or the external vibration applied during casting the specimens of the mortars M23 and M33. At a fixed sand content, the increase in the SMF content up to V SMF /V T = 0.01 did not result in a significant increase in the 28-day compressive strength of mortar. When SMF content was higher than V SMF /V T = 0.01, the increase in the SMF content resulted in a significant increase in the 28-day compressive strength of mortar. For instance, at s/c = 1.25, the 28-day compressive strength of the mortars M12, M22 and M32 was 0.2%, 6%, and 10% higher than that of the mortar M02, respectively. The restrained crack propagation in the hardened mortar due to the use of SMF contributed to the increased compressive strength of mortar (8; 10; 20-22) . It should be noted that the use of sand or SMF presented relatively limited impact on the 28-day compressive strength of portland cement mortar, compared with their significant impact on the workability of mortar.
The drying shrinkage of mortar at the period of exposure of 147 days generally decreased with the increase in the sand content when the SMF content was fixed. For instance, when V SMF /V T was 0.0, the drying shrinkage of the mortars M01, M02, and M03 was 47%, 66% and 72% lower than that of the mortar M00, respectively. This was attributed to the reduced volume of paste and the restrained shrinking of paste by sand particles (8, (12) (13) (14) (15) (16) . The increase in the SMF content generally resulted in a decrease in the drying shrinkage of mortar at the period of exposure of 147 days when the sand content was fixed. For instance, when s/c was 1.25, the drying shrinkage of the mortars M12, M22 and M32 was 4%, 18% and 23% lower than that of the mortar M02, respectively. This was likely due to the restrained shrinkage of paste by the fibers (8; 10; 20-22) . Moreover, the increase in the SMF content also resulted in the reduction of paste volume in the mortar, which contributed to the reduced drying shrinkage to a small extent. It should be noticed that the drying shrinkage of the mortar M33 was higher than that of the mortar M23. This did not follow the general trend discussed above and was likely attributed to the external vibration applied during casting the mortars M23 and M33.
From the consideration of reducing the drying shrinkage of high strength, it was preferable to increase the sand content or the SMF content in the mortar mixture. However, the increase in the sand content resulted in a decrease in both the workability and the compressive strength of mortar, and the increase in the SMF content resulted in a decrease in the workability of mortar as well. Considering that SMF may increase the compressive strength of mortar, a properly used combination of the sand content and the SMF content may lower the drying shrinkage of mortar and overcome the strength reduction effect of increasing sand content, and at the same time maintain a workable consistency of mortar. As discussed previously, the mortars M23 and M33 exhibited very low workability. An external vibration was applied for consolidation during casting. This indicated that at a sand content of s/c = 1.6, the maximum SMF volume content could be achieved while maintaining a self-consolidating consistency of mortar was V SMF /V T = 0.01. Mortar M32 exhibited good workability. This indicated that at a sand content of s/c = 1.25, the SMF volume content as high as V SMF /V T = 0.03 could be used in the mortar without resulting in a very low workability of mortar. Although the optimal maximum value of the sand content and the SMF content from the consideration of maintaining a self-consolidating workability while achieving a low drying shrinkage was not investigated, it was considered that, at sand content of s/c = 1.25 and s/c = 1.6, the maximum SMF content in mortar could go up to V SMF /V T = 0.03 and V SMF /V T = 0.01, respectively.
The drying shrinkage development of the ten mortar mixtures is presented in Figure 1 .
As shown in Figure 1 , the drying shrinkage of mortar after the period of exposure of 117 days did not change significantly. The experimental drying shrinkage values of mortars at the period of exposure of 147 days were considered the ultimate drying shrinkage. It should be noted that most of the drying shrinkage of high strength mortar presented in this study was larger than that of most of the normal strength mortar/concrete at similar periods of exposure (8-12, 14, 15, 20-22) . The high paste content in high strength mortar was considered the main reason (8, (12) (13) (14) (15) (16) . In the later part of the present study, a regression model of predicting the ultimate drying shrinkage of mortar based on the sand content and SMF content was developed through analyzing the experimental drying shrinkage values of mortars at the period of exposure of 147 days.
Prediction of drying shrinkage development of steel fiber reinforced mortar
Prediction models
Four shrinkage prediction models which included three existing models in the literature and one modified model proposed in this study were used to predict the drying shrinkage development of mortar. In the prediction models, the independent variable was the period of exposure noted as t (Unit: days), and the dependent variable was drying shrinkage of mortar at a specific period of exposure noted as ε sh (t) (Unit: %). The predictions of drying shrinkage of mortar by these four models were compared.
The four drying shrinkage prediction models are listed in Table 5 .
The Ross model and the ACI 209R-92 model both required the information of the ultimate drying shrinkage of the mixture. In the present study, the experimentally measured drying shrinkage of mortar at the period of exposure of 147 days was used as the ultimate drying shrinkage for predicting the drying shrinkage development of mortar by these two models. The Gardner model provided the prediction model of the ultimate drying shrinkage of the mixture. Noting that the prediction model of the ultimate drying shrinkage in the Gardner model was developed mainly based on the database of normal strength concrete (26; 29), it might not be proper to predict the ultimate drying shrinkage of high strength mortar. Thus, a regression equation for predicting the ultimate drying shrinkage of high strength mortar was developed (based on the experimentally measured drying shrinkage values of mortars at the period of exposure of 147 days) and used to replace the prediction model of the ultimate drying shrinkage in the Gardner model. This led to the modified Gardner model.
Before developing the regression model for predicting the ultimate drying shrinkage of high strength mortar, it was noted that the two main effects of sand and SMF on the drying shrinkage Predicting the drying shrinkage behavior of high strength portland cement mortar • 7 behavior of mortars included reducing the volume of paste and restraining the drying shrinkage of paste. These two effects were closely related to the volumetric sand content and the volumetric SMF content in mortar. The higher the volume of sand or SMF was included, the less volume of paste was presented in mortar, and the more the restraining effect was applied on the drying shrinkage of the paste. Thus, the regression model for predicting the ultimate drying shrinkage of mortar was developed based on two independent variables, the sand content by volume of the total mortar which was expressed as s, and the SMF content by volume of the total mortar which was expressed as f. For each mortar mixture, the sand content by volume and the SMF content by volume are shown in Table 4 . The model terms included in the least squares analysis were s, s 2 , s 3 , f, f 2 , f 3 and s×f. The student's t test was conducted to test the null hypothesis that the estimated coefficient of each of the model terms equaled zero (38) . The alternative hypothesis was that the estimated coefficient of each of the model terms did not equal zero. Only the model terms with a p-value of t test less than 0.05 were considered having statistically significant effect in the regression model. The final regression equations only included the statistically significant model terms. The regression equation is given in equation [1] :
The adjusted coefficient of determination (R 2 -adjusted) for this regression equation was 0.9955. When no sand and SMF was incorporated in the mortar (s = 0, f = 0), the calculated value -0.2018% was the prediction of the ultimate drying shrinkage of the pure portland cement paste (Mortar M00). It should be noted that equation [1] was developed based on the drying shrinkage test results of mortars with a w/c at 0.2. It was likely this equation was not valid for mortars with w/c rather than 0.2, as the w/c was one of the major factors affecting the drying shrinkage behavior of mortar.
The predictions of the drying shrinkage development of mortar by the four models are summarized as follows: For the Ross model and the ACI 209R-92 model, the experimentally measured drying shrinkage of mortar at the period of exposure of 147 days was used as the ultimate drying shrinkage for predicting the drying shrinkage development of mortar; For the Gardner model, the ultimate drying shrinkage of mortar was calculated by the equation presented in the Gardner model; For the modified Gardner model, the ultimate drying shrinkage of mortar was calculated by equation [1] , which was used afterward to predict the drying shrinkage development of mortar.
Comparison of the prediction models
For each of the four prediction models, the predicted drying shrinkage values are plotted against the experimentally measured drying shrinkage values of each of the ten mortar mixtures at the periods of exposure of 0, 1, 4, 11, 18, 25, 56, 87, 117 and 147 days (See Figure 2) . Thus, each plot in Figure 2 includes 100 data points. A linear regression equation is also developed to show the relation between the predicted drying shrinkage and the experimentally measured drying shrinkage of mortar. This figure gives visual information about the effectiveness f cm28 : 28-day compressive strength, see Table 4 Modified Gardner model e shÉ is calculated by regression analysis
of the four models in predicting the drying shrinkage development of SMF reinforce mortar. If the predicted drying shrinkage values ideally match the experimentally measured drying shrinkage values, the relation between predicted drying shrinkage and the measured drying shrinkage shall follow the equation y(x) = x where x is the predicted drying shrinkage and y(x) is the measured drying shrinkage. The linear regression equations in Figure 2 visually indicate if the relation between the predicted drying shrinkage and the measured drying shrinkage is close to equation y(x) = x. Based on the slope and the interception of the linear regression equation of the relation between the predicted drying shrinkage and the experimentally measured drying shrinkage, the modified Gardner model most accurately predict the drying shrinkage development of mortar, as the slope and the interception were very close to 1 and 0, respectively, and the coefficient of determination (R 2 ) was as high as 0.9663. The Ross model appeared to be a good model, as the slope and the interception were very close to 1 and 0, respectively, and the R 2 was as high as 0.9639. The ACI 209R-92 model was not as good as either the modified Gardner model or the Ross model, as its R 2 was lower than that of the modified Gardner model and the Ross model. The Gardner model did not give a good prediction, as the slope of the linear regression equation was significantly different from 1, and the R 2 was small. To have a direct comparison of the four prediction models, the coefficient of determination indicating the effectiveness of the model replicating the observed drying shrinkage development was calculated and presented in Table 6 . The calculation of the coefficient of determination of each model was based on the predicted drying shrinkage and the experimentally measured drying shrinkage of each of the ten mortar mixtures at the periods of exposure of 0, 1, 4, 11, 18, 25, 56, 87, 117 and 147 days. Thus, the coefficient of determination of each model shown in Table 6 was calculated based on the Figure 2 . Relation between predicted drying shrinkage and measured average drying shrinkage.
Predicting the drying shrinkage behavior of high strength portland cement mortar • 9 200 data points (100 experimental data and 100 predicted data). By comparing the value of R 2 , the modified Gardner model was found to be the most accurate in predicting the drying shrinkage of mortar, indicated by a R 2 1171. This was likely due to the fact that the predictions of ultimate drying shrinkage in the Gardner model was based on a database of normal strength concrete (26; 29) , and it was not proper for predicting the ultimate drying shrinkage of high strength mortar. Another point of interest was that the mathematical expression of the Gardner model consisted of two parts: one part determined the ultimate drying shrinkage of concrete, and another part determined the shape of the drying shrinkage development curve. The comparison of the Gardner model and the modified Gardner model revealed that the part determining the shape of the drying shrinkage development curve in the Gardner model still worked well for SMF reinforced high strength cement mortar.
It should be noted that the modified Gardner model is validated by the measured drying shrinkage data of mortar presented in this study with 28-day compressive strength ranging from 121 MPa to 142 MPa. It has not been validated by test results from other researchers' studies due to the limited previous literature on the mortars at such high strength level. More study is needed to accommodate the modified Gardner model to a wide range of mortars.
CONCLUSIONS
In this study, the workability, 28-day compressive strength and free drying shrinkage of a very high strength (121-142 MPa) steel fiber reinforced cement mortar were investigated. Prediction equations for the drying shrinkage development of steel fiber reinforced high strength mortar with a w/c at 0.2 were developed. The results presented in this study contributed to the existing knowledge of concrete by focusing on the combined influence of sand content and fiber content on the properties of high strength mortar. A method to predict the drying shrinkage behavior of high strength mortar was proposed in this study as well. Based on the materials, proportions and test methods used in this study, the following conclusions were drawn:
• The increase in the sand content resulted in a significant decrease in the workability of high strength cement mortar at a fixed SMF content. The increase in the SMF content resulted in a decrease in the workability of mortar at a fixed sand content.
• The increase in the sand content generally resulted in a slight decrease in the 28-day compressive strength of high strength cement mortar at a fixed SMF content. The large variance of test results and the external vibration applied during casting the mortar M33 were considered reasons for the exception when SMF content was V SMF /V T = 0.03. The 28-day compressive strength of mortar was not significantly increased by increasing the SMF content up to V SMF /V T = 0.01. When SMF content was higher than V SMF /V T = 0.01, the increase in the SMF resulted in a significant increase in the 28-day compressive strength of high strength cement mortar.
• The increase in the sand content or the SMF content generally resulted in a decrease in the drying shrinkage of high strength cement mortar. The drying shrinkage of the mortar M33 was higher than that of the mortar M23, which did not follow such general trend. This was attributed to the external vibration applied during casting the mortars M23 and M33.
• The ultimate drying shrinkage of high strength mortar with a w/c at 0.2 was well predicted simply based on the volumetric sand content and the volumetric SMF content in the mortar mixture. The regression equation had a R 2 -adjust as high as 0.9955.
• The modified Gardner model most accurately predicted the drying shrinkage development of high strength mortar, followed by the Ross model. The ACI 209R-92 model was not as good as the Ross model and the modified Gardner model. The existing Gardner model gave the least accurate prediction of the drying shrinkage development of steel micro fiber reinforced high strength cement mortar. This is likely due to the fact that it was developed based on a database of normal strength concrete.
